Introduction
In the present paper are reported results of an experimental study concerning the influence of temperature and length of incubation period on vegetative growth and carbon dioxide production in continuously aerated cultures of a strain of a wood-destroying fungus, Polystictus versicolor (Linn.) Fr., growing on malt-agar substrate in darkness. These results are preceded by a somewhat detailed statement concerning several important features of specially devised apparatus and procedure. This study constituted the first part of a more extensive and complicated series of experiments on the oxygen-temperature relations of this same strain of P. versicolor growing under the general conditions here described, in which the partial pressure of oxygen was a third experimental variable. A study of this particular fungus with reference to its oxygen-temperature-time relations was undertaken with the aim of contributing to our present knowledge of the fundamental physiology of such organisms, and also in preparation for a broader but much less intensive experimental comparison of a number of different wood-attacking fungi in respect to their oxygen requirements. Reports on these two additional studies are in preparation.
Vegetative growth and carbon dioxide elimination are among the most significant of the easily measured features of the performance of a fungus, and additional information concerning these two very general processes and their interrelations should contribute fundamentally to the advancement of general physiology and ecology, as well as to that of mycology and phytopathology and their related fields of application. No attempt was made to study any of the many other dynamic criteria by which various degrees and kinds of physiological activity in an organism might be compared.
'Botanical contribution from the Johns Hopkins University, no. 134.
The influences that constituted the experimental background complex of the environment, which were essentially constant throughout this study, were: a specific nutrient and water supply in the substrate; the partial pressures of oxygen and aqueous vapor that characterize ordinary air when saturated with water, and the practical absence of carbon dioxide in the aerial surroundings; absence of light and of injurious substances and competing organisms; and a prescribed preliminary treatment of the fungus preceding each experiment. The use of a continuous flow of gas through culture chambers is somewhat new for this kind of study. It insures the maintenance of any specified aerial environment throughout an experiment and permits the collection and measurement of the 0O2 produced.
The experimental variables were temperature and length of period of growth. The possible influence of changes or fluctuations in temperature was not studied. In each culture unit temperature was maintained at a practically constant value throughout the entire experiment period, which was 5 days in length, and five different temperatures were employed, ranging above and below the optimum for vegetative growth. The time factor requires special attention, not only in connection with computations of growth rates and rates of carbon dioxide production but also with reference to the physiological aging of the mycelial mats.
While publications dealing with the influence of temperature on growth and respiration are not infrequent in the literature of plant physiology, one finds but few papers that might, in themselves, contribute toward generalizations. Considerations of concurrent growth rates and rates of carbon dioxide evolution seem especially to have been limited. Several papers bearing on temperature influence are to receive mention in the following sections, but it may be noted here that the reports of BONNIER and MANGIN (2) , BOER (1) , and WASSINK (16) are the only ones encountered in which is described the use of continuously flowing gases for fungus cultures. The objectives of the writers just mentioned were, however, quite different from those envisaged in this study. The technique of these experiments resembled in many respects that employed by MACK (13) , and MACK and LIV- INGSTON (14) in connection with their studies on temperature-oxygen relations of growth and carbon dioxide production in very you'ng wheat seedlings. Their papers were very useful in the planning of these and subsequent experiments with flowing gas.
Polystictus versicolor was selected in the present instance because it is one of the most important among fungi that cause decay in dead hardwood material throughout the United States, and because it is propagated readily and grows rapidly on agar substrate under experimental conditions that may be easily provided, producing an abundance of aerial' hyphae that would be freely exposed to a gas flowing through the culture tube. Further-more, this organism is specially suitable for study of this sort because it may be grown for comparatively long periods of time as an enlarging mat of mycelium, without the appearance of special reproductive phases. The particular strain of P. versicolor used was obtained as a transfer from a stock culture at the United States Bureau of Plant Industry. It had been originally isolated from maple sapwood.
Experimentation GENERAL CONSIDERATIONS
Two similar experiments with ordinary air were conducted, each lasting 5 days, and observations on growth and CO2 production were made at 24-hour intervals. Fairly precise artificial control of the two experimental variables (temperature and time) was provided, while all environmental influences excepting temperature were essentially constant throughout all cultures and both experiments. These constant background conditions have already been mentioned. The influence of light was avoided by carrying out the experiments in darkness, except that each culture was temporarily illuminated for a very few minutes each day, to permit the making of growth records. Light has been shown (2) to influence CO2 production in fungi and, although no record of a specific light effect on the rate of vegetative growth in these organisms has been found, some influence of this factor is at least a possibility. The humidity of the aerial environment may also influence respiration (2) , and possibly growth rate also, in fungi that are partly exposed to air, and, of course, the maintenance of the water content in the substrate and of the associated concentrations of the solutes present is mainly dependent on the water-vapor pressure of the air in the culture chamber. Any variable influence on this account was virtually prevented, since the air stream continuously passing through each culture tube was always saturated with water vapor. That suitable uniform and reproducible nutrient conditions are essential in such a study as this needs no special comment. Many investigators have remarked that CO2 pressure may influence growth in fungi, especially when comparatively high. Since rates of CO2 production were measured by means of continuous removal and absorption of that gas, its partial pressure in the culture tubes was always maintained at a very low value. That the experimental cultures must be pure (without competing organisms) and that effectively injurious concentrations of potentially toxic substances were to be avoided, is self evident; as is also the requirement that preliminary treatment should be alike for all cultures. Although these background conditions were not analyzed and quantitatively specified, the standard procedures of the experimentation were such that the background complex was satisfactorily reproduced for the second experiment reported here and for many other experiments with flowing gas. It should be essentially reproducible at any future time if the same procedures are adequately adhered to.
CULTURE TECHNIQUE FUNGUS EMPLOYED.-Subsequent to its isolation from wood, the strain of P. versicolor used in this study had been perpetuated in stock cultures, in test tubes or Petri dishes, on malt-agar gel similar to the experimental substrate used in these experiments. The temperature optimum for vegetative growth of this species appears to lie between 280 and 300 C., while the maxiimum is about 350 C. These cardinal temperature values may be somewhat different for different strains and perhaps for the same strain under different sets of nutritional conditions; the species appears to show a comparatively broad optimal temperature range and a short supra-optimal range below the temperature maximum (8) .
The experimental stock cultures, which were in Petri dishes, were renewed by transfer from time to time throughout the period of these studies (October, 1934 to May, 1935) . They were kept in a refrigerator at about 90 C., excepting that new transplants were first kept in darkness at 200 to 250 C. for about 5 days, to permit the mycelial mats to attain adequate size for use as source of inoculum. Pieces of inoculum for the experimental cultures were cut from the outer regions of circular stock-culture mats so as to represent growth of the last three days-i.e., they were taken from within about 3 cm. of the mat margin. Under the conditions of these studies this organism regularly produced a moderately dense white mycelium covering the exposed surface of the agar substrate uniformly to the extreme margin of the area occupied, with an even and well-defined frontal edge that advanced very regularly.
EXPERIMENTAL SUBSTRATE.-It was realized that a nutrient medium for such studies as this should ideally be so constituted that all of the physiologically influential components might be quantitatively specified or prescribed, to the end that all could be adequately taken into account when different substrates are to be compared and when the standard substrate of one experimental series is to be duplicated in another series, whether by the same experimenter or by another; but such an ideal is of course only very roughly approachable as yet. Fair degrees of development of this strain of P. versicolor were obtained in some preliminary trials with a medium prepared from chemically pure inorganic salts, glycerine, and dextrose, together with the bacto-agar mentioned below-but use of the malt extract employed (which is of course an unknown mixture of organic and inorganic compounds) resulted in much more vigorous growth. It was clear from the start that the development of a truly synthetic medium for the artificially controlled culture of a wood-attacking fungus must constitute a very difficult and time consuming undertaking (3), which would be in itself a major research; consequently but little time was devoted to these preliminary trials. Nor was any attempt made to develop a more definite gel than that obtained from the agar used, which also must be considered as an unknown mixture of many substances.
The medium used for the regular experiments, which was uniformly clear and proved to be very satisfactory, was made up with distilled water (from a Barnstead still) so as to contain 24.88 gm. of heat-treated Trommer extract of malt, 0.12 gm. of NH4N03, and 20 gm. of Difco standardized bacto-agar. Since the malt extract, as it came to hand, apparently contained a considerable amount of material that coagulated during the sterilization process and became unevenly distributed, the stock of extract was preliminarily brought to a temperature of 1000 C., after which the coagulated material was allowed to settle and only the clear supernatant liquid was used. A stock mixture of heat-treated malt extract and NIH4 \N03, in the requisite proportions, was first prepared sufficient for all three studies mentioned in the introduction. This was kept in a refrigerator, to be drawn upon whenever a new batch of medium was to be made up. During the course of six months there was no evidence that this stock had altered in any way that might affect either growth or CO2 production.
For each experiment a lot of medium was freshly prepared as follows: Twenty grams of dry agar was first "dissolved" in about 950 ml. of distilled water, by heating in the autoclave for 15 minutes at a pressure of 5 lb. (i.e., at a temperature of about 1080 C.) Into the resulting agar sol was then stirred 25 gm. of the stock mixture of malt extract and NH4NO-, after which enough distilled water was added to produce a liter of medium. The freshly prepared medium was immediately siphoned into the culture tubes, each of which received about 16 records. In the temporary horizontal position of -the tubes, while the medium was cooling and solidifying, the indentation formed a dam that prevented escape of medium while the latter was still liquid. The agar strip adhered to the tube wall longitudinally, on the same side as the indentation, extending therefrom to the closed end of the tube, as indicated by shading in figure 1 . It was about 15 cm. long and its greatest thickness, along the middle longitudinal line, was about 10 mm., its free surface being about 21 mm. wide throughout its length. The inoculum was placed on the surface near the middle of the strip and the ensuing mycelial mat expanded longitudinally along the surface in both directions, lateral growth beyond the edges of the strip on to the glass wall being relatively slight. The positions of the two advancing margins, observed through the agar strip, were marked daily on the ground portion of the tube. Throughout the experiment period the culture tubes were vertical, with rounded ends uppermost, and the mycelial mat could extend about 7.5 cm. in each direction, upward and downward, before reaching the ends of the substrate. Thus the room for longitudinal expansion along the agar surface was considerably greater than would have been possible for radial enlargement of circular mats in any but very large Petri dishes inoculated at the center. Petri dishes are obviously unsuitable for cultures in which a continuous flow of gas is to be provided, as in these studies.
To provide for continuous flow of gas through the culture tubes, the cotton plug that had been introduced immediately after inoculation was replaced by a tightly fitting 2-hole rubber stopper bearing two glass tubes for inlet and outlet ( fig. 1) , the former terminating close to the stopper while the latter extended nearly to the closed end of the culture tube, without approaching the agar strip. Ten culture tubes that were to receive like treatment simultaneously were placed vertically side by side, along with four unmodified test-tubes, like those from which the culture tubes had been made. These were likewise equipped for entrance and exit of the gas stream and all fourteen were connected in series by short rubber-tubing couplings and were supported in a rack, as shown in figure 2 . Each assembly of fourteen tubes constituted a culture unit, of which there were regularly five in each experiment, one for each of the five different maintained temperatures employed.
For each culture unit incoming air was freed from CO2 and H20 vapor by being serially led through two of the unmodified test-tubes just men-tioned, which were charged with soda-lime. Near the outlet of the second tube were a few cubic centimeters of asearite to serve as telltale, showing (by change from light to dark color as this material approached CO2 saturation) when renewal of the soda-lime charges was necessary. The dry, CO2-free air next bubbled through a phenolphthalein-colored aqueous solution of very dilute Ba (OH),, in the third unmodified test-tube, where the upward passage of bubbles was retarded by glass beads. Retention of the pink phenolphthalein color throughout the 5 days of each experiment served to show that no CO2 had passed the soda-lime tubes. As the gas bubbled through the third tube it also took up water vapor and was brought to approximate water saturation for the prevailing temperature; i.e., to equilibrium with the prevailing water-vapor pressure in the culture tubes. Consequently the continuous passage of the gas stream along the agar surfaces produced no significant drying or wetting of the latter. The fourth of the unmodified test-tubes was filled with non-absorbent cotton, which acted to filter out any spores or other biological contaminants that might pass the first three tubes. This filter tube, with its cotton filling, was autoclaved prior to its introduction in the culture unit. From the filter tube the gas passed consecutively through the 10 culture tubes, being then conducted directly to a CO,, absorber, where CO2 from all ten cultures was collected for titration at daily intervals. It was found that no cotton filter was needed at the discharge end of the unit.
Each of the culture units, with its rack, stood in a sheet-metal cylinder about 22 cm. high and 19 cm. in diameter (left, fig. 2 ), which was nearly filled with water. During the experiment the unit was removed from this bath only for a brief period each day, when it was temporarily lifted out to facilitate the regular observations on growth. This water seal proved to be effective in preventing significant exchange of gases between exterior and interior of the culture units when gases other than ordinary air were used. The water bath also served to minimize for the cultures any slight temperature fluctuations that may have occurred in the air of any temperature chamber. The portions of the gas conduit that were within a temperature chamber, leading the air stream into and out of the culture unit, were of heavy-walled rubber tubing, just long enough (about 35 cm.) to permit the unit to be lifted out of its water bath and raised above the top of the temporarily opened chamber when observations on growth were to be made; all but about 12 cm. of each of these flexible tubes was regularly submerged in the water bath.
PREPARATION OF CULTURES.-Prismatic strips of inoculum, about 16 mm.
long and about 1.5 mm. square, were cut from 3-day-old mycelial mat of a stock Petri-dish culture, so that each strip included the underlying agar. One of these was placed crosswise near the middle of the substrate strip in each culture tube, the mycelial surface being uppermost when the tube was horizontal with its agar strip below. Thus the advancing margins of new growth, at right angles to the long axis of the culture tube, were nearly straight from the start and any linear increment of advance was consequently very nearly proportional to the corresponding areal increment. These strips of inoculum were found to be more satisfactory than the nearly cubical or irregularly shaped bits commonly employed, since the latter characteristically produce a curved margin of growth. Following inoculation, the cotton-plugged culture tubes were kept horizontal in darkness for approximately 15 hours, at a temperature of about 260 C., to allow the new growth to become established on the fresh agar. The 14 tubes of each culture unit were then assembled in the rack, being held in place by means of a large rubber band, and the cotton plugs were replaced by the rubber stoppers and glass-tubing attachments mentioned above. These operations were always performed with the tube mouths directed downward, to protect the interiors from mold spores and bacteria that might otherwise settle in from the outside air. Then all 14 tubes of each unit were joined by the short rubber-tubing couplings already mentioned, and the unit was placed in its water bath, the two openings for gas being temporarily sealed against entrance of water, by means of rubber caps that were eventually replaced by the heavy-walled rubber tubes mentioned above.
The rubber stoppers and their glass tubes were always autoclaved before being introduced, but autoclaving was found to weaken the rubber-tubing used; therefore the couplings were sterilized by dipping in a 0.25-per cent.
aqueous solution of HgCl,. No opportunity was offered for this antiseptic to reach the substrate in the culture tubes, since the stoppered ends of the latter were always directed downward.
After the units, in their respective baths, had been introduced into the temperature chambers and after the air streams had been started through the units, an adjustment period of about 15 hours was allowed to elapse before the beginning of the first observation period, after which observations of growth and CO, production were made at 24-hour intervals for 5 days.
TEMPERATURE CONTROL.-The five different temperatures used (17.50, 21 .50, 25.50, 29.50, and 33.50 C., with maximal fluctuations not exceeding plus or minus 0.50 C.), were provided by means of the original LIVINGSTON-FAWCETT (11) electrically controlled, 7-chamber temperature apparatus, which has been in satisfactory use in this laboratory every year since its installation in 1919. This consists essentially of seven vertical sheet-metal cylinders, about 44 cm. high and 28 cm. in diameter, each of which is surrounded below and laterally by water that is continuously stirred. These stand side by side in a row, adjacent water jackets being separated by sheetmetal septa through which heat is conducted from one water jacket to the next. Electrically controlled heat is supplied at. one end of the row and heat is removed at the other end by means of a small automatically regulated refrigeration machine, the whole series of chambers being inclosed in a chest-like case with insulated walls. Each cylinder or chamber is provided with a removable insulated lid that gives access to its interior from the top. (A portion of the case and the 7 chamber lids are visible in figure  3 .) The 2 thermostats that control heating and cooling respectively are adjusted to maintain a requisite temperature in each of 2 accessory water tanks, one at each end of the row, and the intervening chambers provide a graduated series of temperatures, the warmest chamber being adjacent to the heating tank while the coolest is adjacent to the cooling tank. Only 5 of the chambers were used in these studies. Each was provided with 2 tubes of block tin, which served as inlet and outlet for the continuous air stream that was conducted to and from the single culture unit in each chamber. Somewhat above and at the side of each temperature chamber was the CO absorber for the culture unit in that chamber. (The absorbers and the 5 large bottles of the air-flow regulators may also be seen in figure 3.) Titrations of the CO, absorbed were accomplished without opening the chambers.
REGULATION OF THE AIR FLOW.-Although all five of the culture units of an experiment were operated simultaneously, each had its own separate air stream. Air entered each unit from the greenhouse room in which these arrangements stood, being then led to the corresponding CO2, absorber, from which it passed into an aspirator bottle provided with a specially devised regulator that maintained a rate of flow of about 15 liters a day. Spent air accumulated in the aspirator bottle during each day's run, being discharged when the bottle was refilled with water for the succeeding day. Differences among the five systems with respect to their resistance to gas flow were satisfactorily compensated by separate adjustment of the respective flow regulators. The 15-liter daily rate of flow was regularly maintained for all five culture units and throughout both experiments, with fluctuations of not more than plus or minus 6 per cent.
The flow regulator used consists of an aspirator bottle of Mariotte type (A, fig. 4 ) provided with accessories to maintain the requisite suction (B, fig. 4 ). The mean rate of gas entrance into the bottle through tube a and the corresponding rate of water escape through opening o are alike; consequently control of the rate of water escape results in control of the rate of gas flow through the associated culture unit and CO2, absorber. Siphon b discharges water into the auxiliary tube c (about 50 cm. long, with bore about 2.5 cm.), which is open above to the outside atmosphere. Thence water passes into the drip regulator (e), and it escapes through orifice o. For a given setting of the drip regulator the effective suction is determined by the position of the bottle with reference to the water level in the auxiliary tube. With the relative positions of these fixed, any change that may occur in air pressure within the bottle, in water-flow resistance of the drip regulator or in gas-flow resistance of the culture-absorber system, produces a corresponding change of water level in B, thus tending to overcome the effect of the change. Consequently the requisite mean rate of air flow is satisfactorily maintained when the drip regulator has been properly adjusted.
The descent of the free water surface in the bottle during any interval naturally furnishes a measure of the total volume of air that has moved through culture unit and absorber to the aspirator in that interval. Since the bottles used had a capacity of about 19 liters, it was necessary to refill them but once each day. To accomplish this the bottle stopper is raised a short distance while water is introduced from a hose, the air current through the corresponding culture unit and C00 absorber being temporarily interrupted.
The drip regulator (e) is patterned after GREGORY'S arrangemenit (7), on the principles of which the annular orifice of ZINZADZE (17) is based. For a given hydrostatic head and a given resistance to air flow, the rate of drip at the opening o (which is large enough to offer no significant resistance) is determined by the water-flow resistance interposed by the walls of the annular capillary space between two concentric glass tubes. Water enters the regulator through the inner tube (d) and then passes upward through the annular space, finally escaping at o. To increase or decrease the rate of gas flow through the associated culture-absorber system the outer glass tube, with its rubber connection above, is slipped upward or downward on the inner tube, so as to lengthen or shorten the annular space and thus increase or decrease the water-flow resistance of the drip regulator.
As has been emphasized by CHRISTIANSEN, VEIHMEYER, and GIVAN (4), and also by ZINZADZE (17) , the rate of water passage through a narrow orifice may fluctuate considerably on account of changes in viscosity of water, due to temperature changes. To avoid such temperature effects in a device of the type here described it would be necessary to introduce some arrangement by which the water temperature within the annular space might always be the same, or to readjust the orifice from time to time according to temperature changes. However, no special precautions of that sort were taken in the present experimentation.
As to the suitability of the 15- 
Since the gas stream was produced by suction in these experiments with air, the air pressure in the culture tubes was always somewhat less than the prevailing barometric pressure on the outside; it was about 755 mm. (Barometric fluctuations accompanying weather changes were not taken into account, since these are surely negligible in such experimentation as this.) The outside air, from which the flowing gas for the two experiments here considered was drawn, was analytically found to have a volumetric 02 content of 20.9 per cent. in one case and of 20.6 per cent. in the other; for both experiments this is taken as 20.8 per cent.
The approximate partial pressure of 02 in the air stream entering the first culture tube of a unit at 17.5°C. is computed by subtracting 14.9 mm. (H2O) from 755 mm. (total air pressure) and taking 20.8 per cent. of the remainder, the result being 153.9 mm. The similarly comput-ed partial pressures of 02 for each of the five experimental temperatures are as follows: 17.50 C., 153.9 mm.; 21.50 C., 153.1 mm.; 25.5°C., 152.0 mm.; 29.50 C., 150.7 mm.; and 33.5°C., 149.0 mm. Since these differences are so small, the partial pressure of 02 may safely be considered as 152 mm. for all five temperatures, with a plus or minus variation of less than 2 per cent.,-which is surely within the limits of experimental error in this kind of experimentation.
TUBING AND CONNECTIONS.-Reverting to the description of the experimental apparatus, it should be mentioned that the whole of the gas conduit (from bottle intake to culture-unit intake) was of glass, copper or block tin, excepting where rubber tubing was required for couplings or to permit necessary flexibility. The rubber tubing used was of "pure gum," with bore about 4 An additional soda-lime tube (A) is temporarily brought into connection (by opening clamp B) during the operations of charging and emptying the absorber and while titration is in progress. Absorber solution is discharged through tube I, clamp E being temporarily opened for that operation, and the absorber is charged through tube G, through which also standard acid solution is added in titration, this tube being ordinarily closed with a rubber cap, as shown in the figure. A glycerine seal covers the top of the flask stopper, the glycerine being held in place by means of a broad rubber band, which forms a wall around the top of the stopper and also serves as an additional seal at the junction of flask and stopper. During titration and while the absorber is being charged tube G is without its cap and the glass collar that surrounds the extended outlet of the titration or charging burette (C) is lowered so as to dip into the glycerine seal. This glycerine seal between burette and flask allowed the flask to be agitated while titration was in progress and at the same time effectively prevented entrance of CO2 from the outside air.
STANDARD ABSORBER SOLUTION.-Fifteen liters of Ba(OH)2 solution (approximately 0.2 N) was first freed from whatever BaCO3 it contained by allowing the latter to settle out and siphoning the clear solution off. To this was added 4.5 gm. of BaCl2 per liter, to reduce solution and hydrolysis of the BaCO3 subsequently formed through absorption of CO2, in the absorbers. The resulting stock of standard absorber solution was kept in a bottle, protected from access of CO2 by a soda-lime tube. Repeated tests showed its alkalinity, which did not alter in storage for many months, to be 0.2285 N. The burette used for measuring this solution into the absorbers was also protected from access of CO2 by means of two soda-lime tubes.
ACID SOLUTION FOR TITRATION.-A 0.2285-N solution of HC1 was used in titrating for CO2 absorption in-the absorbers. A 15-liter stock of this solution was prepared at the beginning, and this was stored in a rubber-stoppered bottle. Repeated standardization, by means of ovendry Na2CO3 and methyl orange, showed that the acidity of this stock did not In recharging an absorber, fresh absorber solution and the requisite amount of distilled water were introduced through G, clamp E being closed. As soon as a flask had been recharged clamp B and the opening of tube G were closed and clamps D and M were once more opened, permitting resumption of air flow, which continued during the succeeding observation period, until the next titration was to be made.
At the end of each observation interval air flow was discontinued simultaneously through all five culture units and their respective CO. absorbers, and the five absorbers were cared for successively and in regular order. As soon as the fifth had been recharged air flow was simultaneously resumed in all five cases, being continued throughout the succeeding observation period. It required about 45 minutes to care for the five absorbers, during which time the cultures were without air flow, but this interruption occurred only once a day and when flow was resumed the stagnant gas in conduits and culture tubes was soon delivered to the absorbers; thus CO2 produced in the short period without air flow was eventually measured as pertaining to the succeeding period of flow.
In spite of the exercise of a great deal of care to prevent any gas interchanae between the air stream and the atmosphere outside of the apparatus, blank tests (regular in all respects excepting that the culture tubes were without either agar strip or mycelium) showed what might be interpreted as the result of a slight but consistent leakage of CO2 into the apparatus from the outside. Regular titrations of these blanks tests indicated that CO2 had somehow reached the absorber at consistent rate of about 0.75' mg. per day. The question as to whether these results might perhaps be explaiined otherwise than by reference to leakage, or whether leakage may actually have occurred (as perhaps through the walls of the rubber tubing usedfor CO2 is soluble in rubber gum as well as in water) was not studied, however. Because the apparent systematic error thus introduced is relatively so small and appears to have been so constant, it has been approximately cared for by the introduction of a uniform correction; from the amount of CO, produced each day, as computed from the titration records, was subtracted 0.75 mg., to allow for that amount of CO2 as derived from some unknown source.
From each titration record was computed the weight of CO2 (in milligrams) that had been received from the corresponding culture unit (ten culture tubes) in the preceding 24-hour interval. There were thus five CO2 values, representing respectively the five successive days of the experiment period, for each of the five culture units of each experiment; i.e., for each of the five maintained temperatures that were tested. After each of these daily outputs of CO2 had been decreased by 0.75 mg., as has just been mentioned, the two corresponding values (one from each of the two experiments with air) were averaged in each case. The resulting averages constitute a single series of twenty-five numerical indices of daily 0O2 production, representing both experiments together, which are inscribed on the dotted-line graphs of figure 6, which will receive attention below.
GROWTH OBSERVATIONS AND MEASUREMENTS
Observations on the growth of the mycelial mats were made, without interrupting the flow of air, for 24-hour periods that essentially coincided with the corresponding intervals of CO2 measurement. In recording growth, the temperature chambers were opened, one at a time and in regular order, and each culture unit was lifted and held above its chamber while the positions of the upper and lower margins of each fungus mat were quickly marked (with a lead pencil) on the ground portion of the culture tube. The unit was then promptly returned to its water bath and the temperature chamber was closed. An electric lamp was always used in this operation and each unit was out of its chamber only about 4 minutes each day.
At the termination of each experiment, when all culture units were finally removed from their respective temperature chambers and water baths, the growth increments and mat lengths indicated by the pencil marks were measured with a millimeter scale and recorded. For each 24-hour period there were two concurrent daily growth increments (upward and downward) for each culture and, since each unit embraced ten cultures, there were twenty increments for each unit. Because it was found that there was no consistent difference between upward and downward rates of mycelial advance along the substrate strips, these twenty values were averaged in each case, and consequently each experiment gave twenty-five average growth increments, one for each temperature for each day. There were two sets of these values, a set for each of the two experiments with flowing air, and the two corresponding values indices (one from each experiment) were finally averaged in each case, the result being a single series of twenty-five average growth rates, one for each temperature for each day. The average mat length at the end of each day was also computed for each culture unit, and these average lengths are inscribed on the continuous-line graphs of figure 6 .
Results

GROWTH UPWARD AND DOWNWARD
There was no evidence of gravitational influence on the rate of mycelial advance, whether in the two experiments with flowing air, with which this paper deals, or in the more extensive series of experiments in which essentially pure N2, essentially pure O0, and various artificial mixtures of these gases were employed for the continuous gas flow. In all these experiments each mycelial mat always advanced upward and downward at approximately the same rate. The rate of growth showed no relation to the position of the culture tube, whether horizontal or vertical, and it appeared also that the hyphae exhibited no geotropism. In this connection it may be noted that the fruiting bodies of this fungus show pronounced dorsiventrality.
The technique of these experiments did not furnish means by which rates of CO2 production for upwardly growing and downwardly growing mats might be separately measured and compared; for at any time the upper half of each mat had been produced by upward growth and the lower half had resulted from downward enlargement. Since there was no gravitational influence on growth, it seems highly improbable that gravitation exerted any influence on CO2 production.
GROWTH AND CO2 PRODUCTION IN RELATION TO AGE AND EXTENT OF MYCELIAL MATS
Time graphs of mat length and daily CO2 production are shown in figure  6 , where each pair of graphs represents a single temperature. Each pair has its own base line, as indicated at the left. Ordinate values are inscribed on the graphs; in plotting, 1 mm. and 2 mg. are represented by the same ordinate distance. The continuous-line graphs, which represent mat length, show clearly that mycelial advance along the agar strip was essentially proportional to time at every tested temperature for these graphs are all essentially straight lines. The mean rate of upward and downward enlargement of any mycelial mat remained essentially the same throughout the 5-day experimental period, being unrelated to the age or extent of the mat. This observation is like that recorded by FAWCETT (6) for his long-tube cul-tures of parasitic fungi. The advancing hyphae were always extending on to and into fresh nutrient medium, which was apparently still uncontaminated by any influential substances that may have arisen from the more mature portions of the mat. These statements apply for every one of the five tested temperatures in these two experiments with flowing air, and also for all experiments with other gases (excepting when the partial pressure of oxygen was too low to permit measurable growth). The maintained daily rates of mat enlargement at the several temperatures are presented by the slopes of the continuous-line graphs of figure 6 . The values of these slopes, obtained by dividing each final mat length by 5, are as follows: 17.50 C., 5.1 mm.; 21.50 C., 6.9 mm.; 25.50 C., 9.3 mm.; 29.50 C., 10.7 mm.; and 33.5°C., 9.7 mm. It is seen that the rate of mat enlargement was greater with higher temperature, up to 29.50 C., and that for 33.*5 C., it was greater than for 25.50 C. but less than for 29.50 C.
Unlike the rate of mat enlargement, the daily rate of CO2 production was not maintained throughout the 5-day period at any temperature, for all parts of any mycelial mat were presumably active in producing CO2 and the mats were continually enlarging. But the mean daily rate, at which the rate of CO, production was increased, was nearly maintained for each temperature, as is shown by the fact that the dotted-line graphs of figure 6, although slightly concave upwards, are all very nearly rectilinear. The magnitudes of the acceleration for the several temperatures are the slopes of dottedline graphs, obtained by dividing by 5 each CO-value for the fifth day. These are shown in table I, along with the corresponding mean daily rates of mat enlargement already mentioned, together with the corresponding mean CO2 accelerations per unit of enlargement. Both acceleration values (A) and enlargement rates (B) are seen to be greater with higher temperature, up to 29.50 C.; for 33.5°C. they are less than for 29.50 C. but greater than for 25.50 C.; thus 29.50 C. gave both maximal acceleration of CO2 production and maximal enlargement rate.
Acceleration of the rate of CO2 production was clearly related to the continuous enlargement of the mycelial mats, but the ratio values just given above (A) show that the relation of acceleration rate to enlargeluent rate was not constant but varied with temperature. For each millimeter of mycelial enlargement the daily rate of CO2 production was increased, during the 5-day period, by about 1.4 mg. per day at the lowest temperature, by about 1.8 mg. per day at 21.50 C., by about 2 mg. per day at 25.50 C., and by about 2.4 mg. per day at the highest two temperatures. That is, the mean rate of CO. acceleration per unit of enlargement was progressively greater with higher temperature up to 29.50 C., while for 33.5°C. this ratio value is the same as for 29.50 C. These relations are also brought out graphically in figure 6 , where it may be noticed that, in progressing from 17.50 to 29.50 C., the slope of the CO3 graph is increasingly greater in comparison with the corresponding graph of growth, but that the CO, graphs for 29.50 and 33.50
C. are about alike in this respect. The differences here referred to may have been partly due to the temperature relations of the secondary growth, by which the density of the older parts of the mats increased with-time; however, further analysis of the data will show that these differences were primarily due to the specific influence of temperature on the respiratory activity of the hyphae. The general relations between temperature and rate of C00 production per unit quantity of mycelium will be considered below.
That the nearly straight graphs of daily CO, production (dotted lines, fig. 6 ) are all slightly concave upward appears to indicate that acceleration of the CO, rates was not quite maintained throughout the 5-day period but was itself slightly accelerated in some way. The upward curvatures just mentioned may perhaps have been related to a relatively slight but progressively increasing lateral expansion of the mycelial mats, on to the tube walls along the vertical margins of the parallel-sided agar strips, which was regularly observed. Metabolism, as represented by CO2 production, increased more rapidly, and increasingly so to a slight extent, than was indicated by the upward and downward advance of the mats on to fresh substrate, which advance was essentially constant at any temperature throughout the 5-day period.
GENERAL RELATIONS BETWEEN TEMPERATURE AND GROWTE RATE There were naturally some unexplained variations in the recorded growth rates, especially for the first day of the 5-day period. Most of the difficulties arising from these were avoided by omitting the values for the first day when average growth rates for the respective temperatures were computed; these averages represent just the last four days of the 5-day experiment period. Such treatment is of course equivalent to considering the standard adjustment period as though it had actually been 39 29 .50 C., the amount of growth increase owing to each degree of temperature increase was progressively less as the temperature was higher, becoming nil for an exceedingly narrow optimal temperature range about 29.50 C., at the peak of the graph. If smaller temperature intervals about 29.50 C. had been tested, data from such tests might possibly have shown the actual temperature optimum for growth to have been somewhat above 29.50 C., but it could hardly have been considerably lower than that; if it were much lower the true graph should show an S-shaped portion at the left of its peak, which is rendered highly improbable by our knowledge of temperature-growth relations in general. It is of course also possible that this graph, as drawn, may be somewhat too pointed at its peak and that a considerable portion of it should indicate a corresponding optimal temperature range rather than a clearly defined optimal temperature.
Since no temperature below 17.50 C. was tested and since the 4-degree temperature interval employed is too broad to permit very precise study of temperature relations about 17.50 C., it is possible that the first segment of the growth graph may perhaps fail in some degree to represent the actual relations. On the basis of our general knowledge of the temperature relations of growth, it is certain that a reversal in direction of curvature must occur about the point for some temperature considerably below 21.5°C., and such a reversal might possibly occur for a temperature slightly above 17.50 C. In that case the first segment of the growth graph should be slightly Sshaped. It may safely be supposed from HUMPHREY and SIGGER'S (8) account of this fungus, however, that the minimal temperature for mycelial growth was not very much above or below 00 C., and this supposition seems to render it likely that the S-shaped curvature should appear below rather than above the point for 17.50 C. The graph was drawn with these considerations in mind.
For the 4-degree temperature range 29.50 to 33.5°C. the general downward slope of the growth graph is a little less steep than the corresponding general upward slope (for the range 25.50 to 29.50 C.). The curvature of the upper portion of the descending segment of the graph may possibly be incorrect to some extent, but it could not be considerably so unless the temperature optimum were significantly above 29.5°C., or a double reversal of curvature (with two S-shaped regions) were introduced between the peak and the fixed point for 33.50 C.
Some preliminary tests indicated that the maximal temperature for growth was about 350 C., which makes it clear that an extrapolation of the growth graph beyond the point for 33.50 C. must descend very steeply indeed, being probably almost vertical throughout a portion of its extent. But the maximal temperature was not ascertained with any great degree of precision. As FAWCETT (5) and others have pointed out, the optimal temperature, or the optimal temperature range, is generally more easily ascertained by experiment than is either the minimal or the maximal temperature.
As far as these experimental data show, the optimal temperature for growth apparently remained the same throughout the 5-day experiment period, but the 4-degree temperature intervals used may perhaps have been too broad to bring out any shifting of temperature optimum with progressively longer periods of incubation, if such shifting might be expected with this organism and with the background complex of this study. It is of course also possible that the a-day experiment period was not long enough to show such shifting if it might occur. It is to be noted that other students of the temperature relations of cultured fungi-for example, FAWCETT (5) and HUMPHREY and SIGGERS (8)-have reported a downward shifting of the temperature optimum with time. That surely could not occur as long as the growth rate for every temperature remained really unchanged throughout the period of incubation, as was reported by FAWCETT (6) for his long-tube cultures and as is also true for the present study. This question of shifting temperature optimum as a culture becomes older deserves attention when intensive studies on temperature-growth relations are to be undertaken. It was discussed by LEHENBAUER (10), in connection with his comprehensive study of the temperature relations of shoot elongation in young maize plants, which are of course very different from these fungus cultures in which there was no evidence of a grand period of growth.
RATES OF CO2 PRODUCTION IN RELATION TO TEMPERATURE
To obtain average daily rates of CO2 production corresponding to the average growth rates just discussed, it appeared best to consider only the last two days of the experiment period, as though the adjustment period were taken as 87 hours; in some cases it required a much longer time for the CO2 rate to become steady than was generally needed in the case of the growth rates. This procedure is logically permissible because both growth rates and rates of CO, production per unit of mycelial area were essentially maintained throughout the 5-day experiment period.
To permit satisfactory comparisons among rates of CO2 production by mycelial mats at different temperatures, each average rate was computed with reference to a standard unit of mycelial area, just as CO, rates per unit of body weight are frequently employed in the study of animal and human respiration. The slight lateral growth on to the tube walls was neglected and all mats were taken to be of the same constant width, mat area being consequently considered as proportional to mat length. Each average rate of CO2 production for the fourth day and also for the fifth was divided by the corresponding average mat length, the latter being half of the sum obtained by adding the mean mat length at the beginning of the day in question to the mean mat length at the end of that day. There were thus secured two series of five values each, a series for each of the two days and in each series a value for each tested temperature. These two series were finally combined by averaging, so as to give a single series of five values, one for each temperature, to represent both days together. The standard area of mycelial mat, to which these CO2 rates are referred was first taken as about 20 sq. cm., but each final rate was divided by 20, so as to make it represent approximately a single square centimeter of mat area. This method of computation permits the comparison of CO rates without further reference to the extent of the mycelium that produced the measured CO2.
The resulting average values for daily C00 production per square centimeter of mycelial area at each tested temperature are inscribed on the dottedline graph of figure 7, A. Unity on the scale for C00 rates (at the right) corresponds to 16.1 on the scale for growth rates (at the left) ; i.e., if every C00 value, as inscribed, is multiplied by that coefficient (making these rates represent 16.1 sq. cm. of mat instead of 1 sq. cm.) then the resulting reduced -CO2 values may be read directly on the scale shown at the left of the figure. By this method of plotting growth as mm./da. while CO2 production is plotted as mg./16.1 sq. cm./da., it is seen that the two graphs coincide at the peak of the growth graph and their respective slopes on either side of that point may therefore be compared by inspection.
As in the case of growth, thie minimal temperature for CO2 production is shown to have been far below 17.5°C. It was almost surely much lower for C00 production than for growth, for respiration is generally active in organisms at temperatures lower than the minimal temperature for growth.
As might be expected from our general knowledge concerning the temperature relations of respiratory activity, no optimal temperature for CO2 production is indicated. The average rate of this process was always higher at higher temperatures than at lower ones, throughout the entire 16-degree range considered. This graph of C00 rate is like the growth graph in that it is nearly rectilinear for'all but the' extreme upper part of the temperature range 17.50 to 29.50 C. For a temperature increase of 10 C. the mean increase in 0O2 production for this range was approximately 0.022 mg./sq. cm./da. The 10-degree temperature coefficient (Q,o) is about 1.6 for this temperatuire range; e.g., the CO2 rate'was about 1.6 times as rapid at 27.50 as at 17.50 C.
The general slope of this 0O2 graph for the temperature range 29.5°to 33.5°C. is not so steep as for the range 17.50 to 29.5°C.; its slope for one degree is only 0.006 mg., instead of 0.022 mg. It is thus clear that 29.50 C., which was approximately the optimal temperature for growth, was also a critical temperature for CO2 production, as has been seen from a study of the time graphs of figure 6 Since growth is inevitably accompanied by CO2 production and consequent loss of carbon, the efficiency of growth, as far as carbon conservation is concerned, is greater as the value of this efficiency coefficient is higher. Loss of carbon is relatively more rapid with low efficiency, and conversely.
The five efficiency coefficients derived from the values inscribed on the graphs of figure 7, A figure 7 , B. Further discussion of this concept of growth efficiency with reference to carbon conservation is deferred until data for aerial environments other than ordinary air become available. Summary 1. In this paper are reported results of an experimental study concerning the influence of temperature and length of incubation period on vegetative growth and carbon dioxide production in continuously aerated cultures of a strain of a wood-destroying fungus, Polystictus versicolor (Linn.) Fr., growing for five days on malt-agar substrate in darkness. Five different maintained temperatures were employed: 17.5°, 21.50, 25.50, 29.50 and 33.5°C
. Average daily rates of growth and CO2 production are presented, also rates of CO, production per unit of mycelium.
2. A full account is given, with diagrams and photographs, of the special methods and devices employed, including a new tube for cultures with continuous gas flow, arrangements for controlling the flow of gas (at the regular rate of 15 liters a day), temperature control, apparatus for collection and measuring the CO, produced, preparation of the agar strips that served as substrate and preliminary treatment of the cultures.
3. Mycelial growth was found to proceed both upward and downward at the same rate, showing no gravitational influence at any tested temperature. The rate of growth at each tested temperature was maintained throughout the 5-day experiment period. The average daily rate of growth was more rapid as temperature was higher, from 17.50 to 29.50 C., the latter temperature being about optimal for growth. The minimal temperature for growth, which was far below the lowest temperature tested, was probably not far from zero. The highest temperature tested in the experimental series (33.5°C
.) was clearly supraoptimal for growth, the maximal temperature being indicated as about 350 C. There is no evidence of a downward shifting of the optimal temperature with increasing length of the period of incubation.
4. The rate of CO2 production increased regularly at every tested temperature, throughout the 5-day period, as the mats elongated and their older parts tended to mature. But the rate of increase in the rate of CO2 production, or acceleration, although shown to have been itself very slightly increased toward the end of the period, perhaps because of some lateral spread of the mats on the walls of the culture tubes, was, on the whole, essentially maintained at each temperature. This acceleration was greater as temperature was higher, up to 29.50 C., while at 33.5°C. it was slightly less than at 29.50 C. but greater than 25.50 C. Thus 29.50 C. gave both maximal acceleration of CO2 production and maximal enlargement rate. The value of the ratio of mean rate of acceleration to mean rate of enlargement was also greater with higher temperature, up to 29.5°C., but this ratio value was the same for 33.50 as for. 29.50 C.
5. For CO2 production per unit of mycelial mat no minimal, optimal, or maximal temperature was shown; -the minimal temperature was apparently far below 17.50 C. and probably much below the minimal temperature for
